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ABSTRACT 
PRENATAL ULTRASOUND BIOMETRY COMBINED WITH UMBILICAL AND 
MIDDLE CEREBRAL ARTERY DOPPLER VELOCIMETRY FOR THE 
DETECTION OF INTRAUTERINE GROWTH RESTRICTION 
Andrea Toulson Jeffress, Ozgur Deren, Gaurang Daftary, Theresa O’Connor and Ray 
Bahado-Singh. Section of Maternal Fetal Medicine, Department of Obstetrics and 
Gynecology, Yale University, School of Medicine, New Haven, CT. 
We hypothesized that ultrasound estimated fetal weight (EFW) is superior to Doppler 
velocimetry for prediction of neonatal birth weight (BW) < 10th percentile while Doppler is 
more sensitive for the detection of perinatal morbidities associated with intrauterine growth 
restriction (IUGR). 
Ultrasound biometry and Doppler velocimetry was performed on 121 consecutive 
patients referred for evaluation of IUGR pregnancies. The EFW was determined using 
standard biometric measurements and expressed as percentiles. Using color flow and pulse 
Doppler, resistance indices (RI) of the umbilical and middle cerebral arteries were 
determined. The cerebroplacental ratio (CPR), an indicator of fetal blood flow 
redistribution due to hypoxic stress, was calculated by dividing the middle cerebral RI by the 
umbilical RI. An abnormal CPR was defined as < 1. Pregnancy outcome was ascertained by 
reviewing maternal and neonatal charts. The Statistical Analysis System was used to analyze 
the data. Regression analysis was used to construct probability curves for the risk of adverse 
outcome based on EFW% and CPR. 
EFW was superior to the CPR for the prediction of BW < 10th%, sensitivity 50.9% 
and 31.5%, respectively. Either an EFW below the 10th% or CPR < 1 significantly increased 
the risk of BW < 10th%, RR ( 95%CI) 14 ( 4.5-44 ). Contrary to our hypothesis, the EFW 
was better than the CPR for predicting perinatal complications, sensitivity 47.7% and 16.3%, 
respectively. Either an EFW<10th% or CPR<1 was associated with high risk of adverse 
outcome defined as BW <10th% or perinatal morbidities, RR ( 95%CI) 29.5 ( 3.8-226.7) and 
RR ( 95%CI) 30.1 ( 1.8 - 513.6), respectively. 
We conclude that EFW is superior to Doppler velocimetry for the prediction of 
BW < 10th% and perinatal morbidities. By combining Doppler and biometry information, we 
were able to more precisely estimate the risk of adverse outcome in IUGR pregnancy. 
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The term small for gestational age (SGA) represents a statistical grouping of 
infants with birth weight below the tenth percentile. Intrauterine growth restriction 
(IUGR) represents a subgroup of SGA infants whose small size results from pathological 
influences. Approximately 10-15% of SGA neonates can be classified as having IUGR.1 
IUGR fetuses are at increased risk for morbidity and mortality. Perinatal asphyxia is the 
most significant complication, often leading to asphyxia-related injury to the brain, heart 
and kidneys.2 Approximately 25% of all stillbirths occur in IUGR fetuses.3 
Complications include respiratory distress syndrome, bronchopulmonary dysplasia, 
necrotizing enterocolitis, intraventricular hemorrhage, acute renal failure, 
hyperbilirubinemia, polycythemia, and hypoglycemia. These problems lead to lengthy 
neonatal intensive care unit hospitalizations and a significant financial and emotional cost 
to third party payers and families. 
Ultrasound Biometry 
Prenatal recognition of IUGR is of vital importance since appropriate obstetric 
intervention significantly improves outcome. The two most reliable prenatal methods for 
the diagnosis and evaluation of suspected IUGR fetuses are ultrasound biometry and 
Doppler velocimetry. Ultrasound biometry, the measurement of fetal size, is widely 
accepted as the most sensitive method of diagnosing IUGR as defined by small birth 
weight for gestational age. A sonographic estimate of the fetal weight (EFW) below the 
tenth percentile has the strongest correlation with actual birth weight below the tenth 
percentile4. However, there are limitations to the use of ultrasound based detection of 
IUGR. As previously mentioned, up to 85% of babies less than the tenth percentile are 
small for constitutional, and not pathological, reasons and are therefore not at increased 
risk for mortality or morbidity. Conversely, fetuses can exhibit pathological growth 
reduction relative to their genetic potential and still have a birth weight above the tenth 
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percentile. Such fetuses, however, would not be classified as IUGR using prenatal 
biometry. 
Doppler Velocimetry 
Doppler waveforms (Figures 1, 2) provide information on the velocity of blood 
cells flowing through the circulation. The velocity measurements reflect the downstream 
resistance in the circulatory bed of interest. The main utility of Doppler studies of the 
fetal circulation is to detect hemodynamic changes indicating the presence of fetal 
compromise. 
Umbilical artery velocimetry is the most widely performed Doppler measurement 
for evaluation of the IUGR fetus, and normal umbilical artery Doppler measurements are 
associated with better fetal outcome.5 Reduced end diastolic velocities in the umbilical 
artery reportedly result from increased flow resistance in the arteriolar vessels in the 
terminal villi of the placenta.6 Both clinical and animal data have demonstrated that 
abnormal umbilical artery Doppler studies correlate with a loss of arteries and arterioles 
of the placental villi, and therefore, with compromise of placental function and fetal 
hypoxia.7-8 
In response to hypoxia, redistribution of the fetal cardiac output occurs so that 
blood flow is preferentially maintained in vital areas, such as the brain, heart, and 
adrenals.9-10 This reflex has the effect of maintaining a constant level of oxygenation in 
these tissues. The adjustment is called the "brain-sparing effect". The phenomenon may 
be associated with an increase in the end-diastolic velocities of the cerebral circulation on 
Doppler examination. 
Arbeille et al11 first proposed that a composite index, the cerebroplacental ratio 
(CPR), may enhance the sensitivity for detection of fetal hypoxic stress. The CPR, which 
utilizes Doppler information from both the intracranial and umbilical circulations, is the 
ratio of the middle cerebral artery resistance index to the umbilical artery resistance 
index. Subsequent studies have shown that the use of the CPR is superior to the 
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Figure 1 Middle Cerebral Artery Doppler waveform 
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Figure 2 Umbilical Artery Doppler waveform 
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individual umbilical or middle cerebral artery Doppler indices for detecting fetal 
hemodynamic redistribution resulting from uteroplacental insufficiency.12-17 
The superior sensitivity of the cerebroplacental ratio as compared to the individual 
umbilical or middle cerebral Doppler indices is attributed to its ability to detect 
abnormalities in several situations. In the first and most obvious situation, the Doppler 
measurements in both arteries are abnormal. In the second and third scenario, only one 
artery is abnormal while the other is normal. In the fourth and more subtle case, the 
Doppler measurements in both arteries are borderline normal, but the CPR is still 
abnormal. 
Despite its promise in assessing such fetuses, published studies suggest that 
Doppler velocimetry is inferior to ultrasound biometry in diagnosing IUGR defined as 
birth weight less than the 10th percentile.2 This conclusion seems reasonable since, in 
contrast to biometry, Doppler yields direct information about vascular physiology. 
An important question is whether Doppler velocimetry is a better predictor of perinatal 
complications related to IUGR compared to ultrasound biometry. This hypothesis 
appears to be consistent with a recent meta-analysis which found that the use of umbilical 
artery Doppler information reduced the odds of perinatal death by 38% and cesarean 
sections for fetal distress by 52% in high risk populations.5 Furthermore, fetuses with 
estimated fetal weight below the 10th percentile for birth weight with normal Doppler 
studies have a largely benign course.17 Therefore, rather than comparing the diagnostic 
efficiencies of Doppler velocimetry versus biometry, combining both modalities may 
substantially improve the identification of the growth restricted fetus. 
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STATEMENT OF PURPOSE 
This study hypothesized that ultrasound estimation of the fetal weight is superior 
to Doppler for prediction of neonatal birth weight below the tenth percentile. Since 
Doppler changes directly reflect functional abnormality in the fetal and placental 
circulation, we also hypothesized that Doppler velocimetry is more sensitive for the 
detection of neonatal morbidities associated with intrauterine growth restriction. Finally, 
we proposed that by combining the estimated fetal weight with the cerebroplacental ratio 
we could more precisely quantitate the risks associated with IUGR. By combining the 
Doppler and biometry information, the study aims to develop probability estimates of the 
risk of birth weight less than the tenth percentile and adverse pregnancy outcome. 
Probability estimates could provide perinatalogists with more precise information with 
which to counsel patients. More accurate risk estimates could also assist obstetricians in 




Ultrasound and Doppler Evaluation 
From January 1994 to January 1995, prospective ultrasound and Doppler 
evaluations were performed by Yale perinatalogists on 150 consecutive patients with 
singleton pregnancies referred to Yale Fetal Diagnostic center for evaluation of IUGR. 
The author (Andrea Jeffress) observed these examinations on many occasions. Serial 
sonogram and Doppler studies were performed in a majority of cases, but the last exam 
prior to delivery was utilized for the purposes of this study. 
Standard fetal biometric measurements including biparietal diameter, abdominal 
circumference, and femur lengths were measured at each visit. The technique utilized for 
obtaining these measurements has been previously described.19’20 21 The estimated fetal 
weight (EFW) was calculated using these three measurements as reported by Hadlock et 
al.21 The EFW was automatically expressed as percentiles generated by an online 
microcomputer. 
Doppler studies were performed using either the Ultramark 9 FIDI (ATL, 
Bothell,WA) with a 4-2 broad-band width or 3.5 MHz transducer or an Acuson 128 
(Acuson 128XP, Mountainview CA) using a 3.5 or 5.0 MHz curved array transducer. 
The spatial peak temporal average intensity was less than 100 mW/cm2, and a 50 Hz 
high-pass filter was used with a 2 mm sample volume. The angle between the direction 
of blood flow in the vessel and sample gate was 0 degrees in over 95% of the cases and 
always <30 degrees. 
Doppler examination was performed with patients in a semi-recumbent position 
with slight elevation of the mother’s head. To obtain middle cerebral artery Doppler 
information, an axial cut of the fetal cranium was obtained at the level of the cerebral 
peduncles. Using color flow Doppler, the circle of Willis was visualized. The middle 
cerebral artery was identified as it branched and ran anterio-laterally, close to the greater 
wing of the sphenoid bone. The Doppler sample volume was placed within 1 cm of the 
origin of the middle cerebral artery and adjusted until maximum velocity was obtained. 
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The umbilical artery waveform was obtained from a free-flowing loop of cord away from 
the placental or fetal cord insertion site. Doppler information was obtained only during 
periods of fetal apnea because fetal breathing movement is known to significantly distort 
the Doppler waveforms. 
At least three continuous waveforms were obtained for both the middle cerebral 
and umbilical artery during the Doppler study. The resistance index (RI)22 was calculated 
for each waveform, and the three resistance indices were averaged. The RI is calculated 
by the following equation: RI = S - D 
S 
where S represents the peak systolic velocity and D is the end-diastolic velocity of red 
cells in the vessel (Figure 3). Based on this equation, one sees that as the impedance to 
flow in a vessel increases, the end-diastolic velocity in the numerator decreases and the 
RI increases. 
RI=(S-D)/S (Pourcelot, 1974) 
P1=(S-D)/A (Gosling, 1976) 
1980) Fig. 3. Doppler indices estimated from the 
maximum frequency shift envelope. S, Peak 
systolic frequency shift; D, end-diastolic 
frequency shift; A, temporal averaged 
frequency shifts over one cardiac cycle. 
From Yarlagadda et al. In Doppler 
Ultrasound in Obstetrics & Gynecology 
Copel and Reed, eds.23 
The average cerebroplacental ratio (CPR) was then calculated using the average 
RI of each vessel. The CPR is determined by the following equation: 
CPR - RI MCA / RI umb 
where RI MCA is the resistance index of the middle cerebral artery and the RI UMB is the 
resistance index of the umbilical artery. In IUGR due to placental insufficiency, the CPR 
falls below normal because the RI of the umbilical artery increases while the RI of the 




Of a total of 150 women evaluated, 121 constituted the study group. A review of 
121 complete maternal and neonatal charts was conducted by the author (Andrea Jeffress) 
at four Connecticut hospitals in addition to Yale New Haven Hospital to ascertain the 
pregnancy outcome. Patients excluded from the original 150 patients included two 
neonates with structural anomalies and two with chromosomal aberrations, five patients 
who were referred from out of state, and twenty patients whose medical charts at Yale 
were incomplete and not available for review. The code sheet used for the chart review is 
shown in the appendix. 
The main outcome variables utilized were birth weight below the 10th percentile 
and the development of obstetric and neonatal complications defined as perinatal 
morbidities listed below: 
• fetal distress requiring cesarean section 
• preterm delivery ( < 37 weeks gestation) 
• 5 minute APGAR scores < 7 
• Neonatal Intensive Care Unit Stay (NICU) >24 hours 
Secondary outcome variables ascertained included stillbirth, neonatal death, and neonatal 
complications such as respiratory distress syndrome, bronchopulmonary dysplasia, 
necrotizing enterocolitis, intraventricular hemorrhage, acute renal failure, 
hyperbilirubinemia, polycythemia, and/or hypoglycemia. Low cord pH, indicative of 
perinatal asphyxia, was not included as an outcome variable because a significant number 
of neonates did not have cord pH’s routinely done. Newborn birth weight percentile for 





Data from the code sheets were entered by the author (Andrea Jeffress) into Lotus 
123 spreadsheets and then exported to a Statistical Analysis System (SAS) database. 
Each item on the code sheet was assigned a variable in the database. Statistical analysis 
of the results was performed by Dr. Theresa O’Connor. 
A sensitivity analysis of EFW less than 10th percentile and CPR < 1 for actual 
birth weight less than 10th percentile and any perinatal morbidity was conducted. Relative 
risk with 95% confidence limits were calculated. The association between the actual 
outcome and the test variables was evaluated using the Chi-square test for proportions. A 
p < 0.05 was considered statistically significant. 
Multiple logistic regression analysis was carried out with continuous CPR and 
EFW percentile values used simultaneously as independent variables for predicting actual 
birth weight less than 10th percentile. A separate multiple logistic regression was also 
done with continuous CPR and EFW percentile values used as independent variables for 
predicting adverse outcome defined as actual birth weight less than 10th percentile and/or 
any perinatal morbidities. Parameter estimates for the intercept and the independent 
variables obtained from the multiple logistic regression were used to calculate probability 
of outcome using the formula: 
p — { 1+ e ' (intercept - EFW% * coefficient - CPR * coefficient) j-1 
where p is the probability of outcome, EFW% is the estimated fetal weight percentile, and 
CPR is the cerebroplacental ratio. 
Multiple logistic regression equations for birth weight < 10th% and adverse 
outcome defined as birth weight less than the 10th percentile and perinatal morbidities 
were calculated. Neither biometry nor Doppler velocimetry was a significant predictor of 
perinatal morbidities alone so that regression equation was not calculated. From the 




There were a total of 121 mother infant pairs with complete ultrasound, Doppler, 
and maternal and neonatal outcome data which constituted the study group. Maternal 
demographic data, past medical history, and current obstetric problems at the time of the 
study are indicated in Tables I-III. 
TABLE 1 MATERNAL DEMOGRAPHICS: Study Population 





TABLE II PAST MEDICAL HISTORY: Study Population 
DISORDER % OF PATIENTS 
None 49.6 
Chronic Hypertension 12.2 
Renal Disease 5.2 
Diabetes 0.9 
Lupus 0.9 
Sickle Cell Anemia 0.9 
Hyperthyroidism 0.9 
Cardiac Disease 2.6 
Asthma 9.6 
Crohn's Disease 1.7 
Other 15.5 
TABLE III CURRENT O 3STETRIC PROBLEMS:Study Populatio 




Preterm Labor 3.5 
Abruption 1.8 
Placenta Previa 0.9 
Others 8.9 
*Category includes gestational and pre-pregnancy diabetes 
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The mean gestational age at the time of ultrasound and Doppler was 34.6 weeks 
(range 24 - 40.1 weeks), while the mean gestational age at the time of delivery was 37.9 
weeks (range 26.3 - 42.9 weeks). The average interval between ultrasound and delivery 
was 3.3 weeks (range 0 -14.7 weeks). 
Tables IV and V show the number of patients with obstetric and neonatal 
complications. 
TABLE !V OBSTETRIC COMPLICATIONS 
COMPICATION % Of PATIENTS 
Fetal distress requiring C/S 11.6 
Preterm delivery (<37 wks) 25.6 
TABLE V NEONATAL COMPLICATIONS 
COMPLICATION % PATIENTS 
BW < 10th%ile 48.8 
5 minute APGAR score < 7 4.1 
NIC'J stay > 24 hours 25.6 
Respiratory Distress Syndrome 7.4 
Bronchopulmonary Dyspiasia 1.7 
Necrotizing Enterocolitis 0.8 
Intraventricular Hemorrhage 0.8 




Neonatal Death 0.8 
Stillbirth 0.9 
Table VI illustrates that an estimated fetal weight less than the 10th percentile and 
an abnormal cerebroplacental ratio (CPR) was significantly associated with a birth weight 
less than the 10th percentile. 
TABLE VI SCREENING EFFICIENCY FOR DETECTION OF BIRTH WEIGHT < 10th%ILE 
Parameter Sensitivity 
■ ■ r 
Specificity j PPV NPV RR (95% Cl) p-value 
EFW<10th% 50.9 93.1 87.5 66.7 14 (4.5-44) < 0.000001 
CPR < 1 31.5 98.4 94.4 61.9 27.5 (3.5-215.9) < 0.00001 
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There was also a significant correlation between as estimated fetal weight less 
than the 10th percentile and the development of neonatal morbidity. An abnormal CPR. 
however, did not significantly correlate with the development of IUGR related perinatal 
complications (Table VII). 
TABLE VII SCREENING EFFICIENCY FOR DETECTION OF PERINATAL MORBIDITIES 
Parameter Sensitivity 
— 
Specificity PPV NPV RR (95% Cl) p-value 
EFW<10th% 47.7 85.7 67.8 71.3 5.2(2.1-12.7) < 0.0001 
CPR < 1 16.3 84.3 38.9 62.1 1 (0.4-2.9) 0.9 
Table VIII demonstrates that when an adverse outcome was defined as birth 
weight less than the 10th percentile and/or the development of IUGR-related perinatal 
morbidities, either a low estimated fetal weight or an abnormal CPR significantly 
increased the risk of an adverse outcome. 
TABLE VIII SCREENING EFFICIENCY FOR DETECTION OF AN ADVERSE OUTCOME* * 
Parameter Sensitivity 
1 
Specificity PPV NPV RR (95% Cl) p-value 
EFW<10th% 43.1 97.5 96.9 48.9 29.5 (3.8-226.6) < 0.000001 
CPR < 1 25.4 100 100 44.5 30.1 (1.8-513.6) < 0.0001 
'Adverse outcome is defined as either birth weight < 10th percentile or development of perinatal morbidities or both. 
Models with maximum predictive accuracy for birth weight less than the 10th 
percentile and adverse outcome* were developed. The regression equations are shown in 
Table IX. Neither biometry nor Doppler velocimetry was a significant predictor of 
perinatal morbidities alone so that regression equation is not displayed. 
TABLE IX Regression Equations: Models with Maximum Predictive Accuracy 
OUTCOME PARAMETER EQUATIONS 
BW<10th percentile p = {1 + e * ( 6 49' 01158 * EFW% - 3.59 * CPR) }-l 
Adverse Outcome* p = {1 + e ' ( 6.43 ' 0-0474 * EFW% - 3.84 * CPR) }-l 
p = probability of outcome EFW%=estimated fetal weight percentile CPR=cerebroplacental ratio 
* Adverse outcome = birth weight < 10th percentile or development of perinatal morbidities or both. 
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The corresponding curves displaying the probabilities of birth weight < 10th 
percentile and adverse outcome based on various estimated fetal weight percentiles and 
cerebroplacental ratios are shown in Figures 4 and 5. Neither EFW% or CPR 
significantly correlated with perinatal complications in regression analysis (p = 0.08 and 
p = 0.5, respectively). Therefore, probability curves relating perinatal complications to 
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Ultrasound biometry and Doppler velocimetry are two commonly used methods 
for the diagnosis and surveillance of IUGR pregnancies. Each has advantages and 
limitations. While biometry has the stronger correlation with birth weight less than the 
tenth percentile, the majority of such babies are constitutionally small and not at 
increased risk for perinatal complications. Doppler provides functional information about 
the placental and fetal vasculature, and thus, provides direct information on fetal status. 
Fetuses with estimated weights less than the tenth percentile who may have experienced 
milder degrees of uteroplacental insufficiency or those who have low birth weight due to 
non-placental etiologies will have normal Doppler studies, thus limiting the sensitivity of 
this test for growth abnormalities. 
A hypothesis of the study was that fetal biometry is superior to the CPR in 
predicting neonates with birth weight less than the 10th percentile, whereas the CPR 
would be a better indicator of fetal hemodynamic disturbances manifested by perinatal 
complications and neonatal morbidities. 
We confirmed the superiority of the estimated fetal weight (EFW) over Doppler 
studies for the prediction of neonatal weight below the 10th percentile (sensitivity of 
50.9% vs. 31.5%, respectively). However, the presence of either a fetal weight estimate 
below the 10th percentile or an abnormal Doppler significantly increased the risk of 
neonatal birth weight below the 10th percentile, relative risk ( 95%CI) 14 ( 4.5-44 ) and 
27.5(3.5-215.9) respectively. 
Contrary to our hypothesis, the EFW was superior to Doppler velocimetry for 
predicting perinatal morbidities. In fact, an abnormal CPR as defined in this study did 
not have a statistically significant association with perinatal morbidities as defined in this 
trial. There are several possible explanations for this lack of association. First, a 
threshold CPR value < 1 was considered abnormal. This value was obtained from the 
pioneering report of Arbeille et al.24 That study used a value of < 1 as abnormal and > 1 
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as abnormal. The authors in that report did not characterize a CPR value of 1 as either 
normal or abnormal. In contrast, Gramellini et al11 used a cut off value of > 1.08 as 
abnormal. It is possible that using a cutoff value of CPR derived from our population 
may have improved the sensitivity of this test. Second, as in the study published by 
Arbeille et al1 •, we assumed that there was no significant change in CPR value in the last 
half of the pregnancy. However, other studies have found CPR values are only constant 
from 26-38 weeks16 or 30-40 weeks12. Using gestational age adjusted CPR cutoff values 
may also have improved the performance of this test since the gestational ages of our 
study cases ranged from 24-42 weeks. 
A third factor which is likely to have influenced the test sensitivities in this study 
was the interval between the last Doppler and sonographic evaluation and delivery. The 
mean interval was 3.3 weeks with a range of 0-14.7 weeks. The greater the interval 
between the last exam and delivery, the weaker will be resulting correlation between 
screening test and the outcome parameters. Prior Doppler studies suggest that to obtain 
an optimal screening efficiency, researchers should used an interval of no greater than 
two to three weeks between the last examination and delivery.16 26 The number of 
subjects in the study population with a 2 week interval was not large enough to permit an 
adequate subanalysis of this group. 
Fourth, one must also take into consideration that the "brain-sparing effect" is a 
compensatory mechanism, the purpose of which is to prevent or minimize hypoxic 
damage to vital organs. The absence of perinatal complications related to hypoxia in 
some of these fetuses does not necessarily negate the significance of Doppler changes as 
an indicator of "fetal distress". Rather, the absence of complications testifies to the 
effectiveness of this reflex and the expert obstetric management of fetuses at risk for 
IUGR-related complications. 
This study is in agreement with both animal27 and human data16 which suggest 
that vascular redistribution in the fetus does not occur until the duration and/or severity of 
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placental circulatory disturbance is significant enough to cause reduction of the fetal 
growth. 
The second purpose of the study was to develop probability curves for predicting 
complications based on combined Doppler and biometry information. The current 
practice is to diagnose IUGR based on an estimated fetal weight below the 10th 
percentile. Since at any given estimated fetal weight percentile, there is still a probability 
that the actual birth weight could be within the normal range, the current method of 
prenatal diagnosis of IUGR is inadequate. Based on regression analyses, probability 
curves were generated for predicting the birth weight < 10th percentile both from the 
Doppler and biometry information. The authors are not aware of any previous 
publications that have integrated the two methods of assessment as described. This 
combination of prenatal ultrasound biometry and Doppler velocimetry should not only 
improve the accuracy of patient counseling, but also guide physician management 
strategies based on the more precise quantitation of risks. 
Neither birth weight <10th percentile or the presence of perinatal complications 
adequately defines the fetuses that experience growth restriction. This is so because a 
significant percentage of growth restricted fetuses will not develop perinatal 
complications due to skilled obstetric management. Conversely, fetuses with birth weight 
greater than the 10th percentile but with abnormal Doppler studies do experience an 
increased rate of perinatal complications, indicating that growth restriction with normal 
birth weight does occur. 
Based on this knowledge, we expanded the classification of an adverse outcome 
related to growth restriction to include neonates with either birth weight < 10th percentile 
or who experience perinatal morbidities. An abnormal CPR had a 100% positive 
predictive value for an adverse outcome. The corresponding value for estimated fetal 
weight < 10th percentile was 97.1%. Either an abnormal Doppler or ultrasound study 
greatly increased the risk of an adverse outcome, relative risk (95% Cl) 29.5 (3.8-226.6) 
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and 30.1(1.8-5.13.6), respectively. From the probability curves that were generated, the 
risk to an individual pregnancy can be estimated based on both the Doppler and biometry 
information. 
In conclusion, we found that ultrasound estimation of fetal weight is superior to 
fetal Doppler studies for predicting either small birth weight for gestational age and 
perinatal morbidities. The predictive value of an abnormal Doppler is very high and 
exceeds that of sonographic biometry for both birth weight below the 10th percentile or 
an adverse perinatal outcome defined as birth weight <10th percentile or the development 
of perinatal morbidities. Combining the biometry and Doppler information improves our 
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